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[57] ABSTRACT 

A method and apparatus for removing low frequency noise 
and any offsets common to a plurality of samples of a signal, 
for calibrating an offset level to be added to the signal to 
reference the signal to a desired reference level at an output 
of the apparatus, and for clamping an input voltage level to 
the apparatus to a desired voltage within an operating range 
of the apparatus. The apparatus includes a correlated double- 
sampling circuit which takes a first sample and a second 
sample of the analog signal, takes a difference between the 
first sample and the second sample to remove low frequency 
noise and any offsets common to both sample and which 
outputs a difference signal. In addition, the apparatus 
includes a black level correction circuit which adds an offset 
level to the difference signal to calibrate the offset level to 
be added to the difference signal so that the difference signal 
is at a desired reference level at an output of the apparatus. 
Further, the apparatus includes a clamping circuit which 
servos a voltage at the output of the correlated double- 
sampling circuit to a desired voltage level at the input to the 
correlated double-sampling circuit and within the supply 
range and operating range of the apparatus. 

15 Claims, 14 Drawing Sheets 
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METHOD AND APPARATUS FOR More specifically, the correlated double sampling circuit 

PROVIDING AN OFFSET LEVEL TO AN 26 of FIG. 2 includes a first sample-and-hold circuit 44. a 

IMAGE SIGNAL second sample-and-hold circuit 46 and third sample-and- 

hold circuit 48. Referring to the tuning diagram of FIG. 2, 
BACKGROUND OF THE INVENTION 5 the first sample-and-hold circuit is responsive to clock signal 

Ql so that on a falling edge 50 of the clock signal Ql. the 

1 . Field of the Invention sample i s taken of the analog signal at the reset level on 
The preseat invention relates to a method and apparatus line 24. In the camcorder system of FIG. 1. the correlated 

for for calibrating an offset level to be added to a signal to double sampling circuit takes advantage of a known condi- 
reference the signal to a desired reference level at an output tion of the CCD circuit 22. In particular, the CCD circuit is 
of the apparatus. In particular, the invention relates to a black always reset before a new pixel is measured. The CDS 
level correction circuit that references a signal at an output circuit of FIG. 2 takes advantage of this existing condition 
to the desired value. Hie black level connection can be used by sampling the signal at the output line 24 of the CCD 
with a camcorder system to calibrate black pixels output by circuit during this reset phase, before the new pixel infor- 
the charge coupled device. u mation appears. Thus, in response to the falling edge 50 of 

2. Description of the Related Art the clock signal Ql. the first sample of the signal on line 24 
FIG. 1 illustrates a block diagram of a front end 20 of a represents the reset level of the signal from the CCD circuit 

CCD interface circuit which may be used for example in a 22. On a falling edge 52 of clock signal Q2. the first sample 
camcorder system The front end includes a charge coupled is clocked into the second sample-and-hold _ circuit 46 and at 
device (CCD) sensor 22 which detects and outputs an analog ^ ^ same time, the third sample-and-hold circuit 48 take the 
signal on line 24. to be processed by the camcorder. The second sample of the analog signal having the new pixel 
analog signal on line 24 is fed to a correlated double information on line 24. The second sample is a data levd 
sampling circuit 26 which takes a first sample and a second sample of an intensity of the new pixel information signal 
sample of the analog signal, which takes a difference output by the CCD circuit 22. The first sarnplc and the 
between the first and second samples to remove low fre- 25 second sample are output to difference element 54 which 
quency noise and any offsets common to both samples of the performs a difference operation on the first and second 
signal, and which outputs a difference signal on line 28. The samples and provides the difference signal on line 28 free of 
difference signal on line 28 is amplified by amplifier 30 and any noise or offset that is common to both samples, 
an amplified signal is output on line 32 to a black level However, one problem with the circuit of FIG. 2 is that a 
correction circuit 34. The black level correction circuit 34 30 time period for which the filtered signal on line 28 is valid 
adds an offset level to the amplified signal on line 32 so as is not a complete period of the pixel information signal on 
to calibrate the amplified signal to a desired reference level. line 24. According to this disclosure it is to be understood 
In particular, the offset level is calibrated to substantially one that a pixel period is defined as a time period between falling 
end of an input range of analog-to-digital converter 38 when edge transitions of the clock signal Q 2 . and includes times 
the charge coupled device 22 outputs a signal on line 24 35 for which the analog signal at the reset level and the analog 
corresponding to black pixels. The black pixels are inten- signal at the data level are present on line 24. For the circuit 
tionally added around a periphery of the CCD for the of FIG. 2, as the clock signal Q2 transitions to die high state, 
purpose of calibrating the offset level. In addition, when the the sample and hold-circuit 48 is in acquisition mode and the 
analog signal output on line 24 corresponds to pixels of an output of the circuit on line 28 is no longer valid. Thus, the 
image detected by the CCD, the black level correction 40 peiiod for which the difference signal on line 28 is valid is 
circuit adds the calibrated offset value to the amplified signal not a full pixel period. For example, if the clock signal Q , 
on line 32 corresponding to the pixel image. Thus, the and Q 2 have a 509b duty cycle of the pixel period, the period 
correlated double sampling circuit 26 and the black level for which the- difference signal is valid is only half of the 
correction circuit 34 together filter out low frequency noise pixel period 

from the analog signal output by the CCD and add the 45 In addition, another problem with the circuit of FIG. 2 is 
calibrated offset value to the difference signal A resulting that the sample-and-hold circuit 46 is driven by the sample- 
signal is output on line 36 to the analog-to-digital converter and-hold circuit 44. Consequently capacitors of the sample- 
38. and is converted Into a digital value output on line 40. and-hold circuit 46 must either be relatively small which 
The digital value is then processed by digital signal proces- results in a noisy signal output by the circuit 26, or if the 
soi* 42. 50 capacitors arc relatively large, the sample-and-hold-circuit 

FIG. 2 is a block diagram of an embodiment of the 44 must supply enough power to drive the capacitors which 
correlated double sampling circuit 26 of FIG. 1. As dis- in turn has to be dissipated in the circuit 26. 
cussed above, the correlated double sampling circuit is used FIG. 3 illustrates the correlated double sampling circuit 
to remove low frequency noise and offsets from an analog 26 of FIG. 2 together with an input clamping circuit 180. 
signal. In particular, it is used at the output of the CCD 35 The operation of the correlated double sampling circuit 26 is 
device 22 because it can remove several kinds of noise, e.g., as discussed above with respect to FIG. 2 The input 
reset noise from CCDs which result because the CCD clamping circuit includes feedback circuits 182 and 184 
doesn't always reset to exactly the same value and flicker which are provided to level shift a voltage of the signal on 
(1/f) noise of the CCD. A basic principle of the circuit is that line 24 to within a supply range and operating range of the 
the first and second samples are taken of the analog signal 60 circuit 180, For example, a voltage on the line 24 may be 10 
output from a single channel of the CCD device, a first volts, but the circuit 180 may operate off of a 5 volt supply, 
sample is taken with the analog signal at the reset level and Therefore, there is a need to clamp the voltage at the input 
a second signal is taken with the pixel data level signal to the correlated double sampling circuit 26 to within an 
included in the analog signal. A difference between the two operating range of the correlated double sampling circuit, 
samples is then taken so that any noise or offset common to 65 The feedback circuits 182 and 184 servo the input voltage on 
both samples is removed from the difference of the two lines 186 and 188 to the desired voltage selected to be within 
samples. the operating range of the circuit 180. 
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FIG. 4 illustrates a block diagram of an embodiment of 
the black level correction circuit 34 of FIG. 1. As described 
above, the signal output by the CCD circuit 22 on Line 24 is 
processed by the correlated double sampling circuit 26 and 
the resulting difference signal on line 28 is passed to the 
programmable amplifier 30. An offset value on line 56 is 
added to the amplified signal on line 36 at summing block 
58. The resulting signal output from the summing block on 
line 60 is then digitized by the analog to digital converter 3& 
One purpose of the black level correction circuit is to 
calibrate the value of the offset signal on line 56 so as to 
reference the resulting signal on line 60 substantially to one 
end of the input range of the analog-to-digital converter. For 
example, the amplified signal on line 36 may be in a range 
from 0 to 1 volt and the offset level on line 56 may be added 
to adjust the resulting signal range from -0.5 volts to +0.5 
volts. The black pixels arc intentionally provided around the 
periphery of the CCD circuit 22 for this particular purpose. 
More specifically, when the signal on-line 24 corresponding 
to the black pixels is input to the black level correction 
circuit 34. the switch 62 is biased to a closed position to 
provide a closed feedback loop including summing block 64 
and integrator 66. so that the signal on line 60 is fed back to 
the summing block 58 as the offset value on line 56. The 
feedback loop including the integrator 66 and the summing 
block 64. compares the signal on line 60 to a negative 
reference value on line 68 and servos the offset level on line 
56 to the correct level to reference the signal on line 60 to 
the negative reference value on line 68. In addition, when the 
analog signal on line 24 corresponds to the data level of the 
intensity of the new pixel information signal. Che switch 62 
is biased to an open position so that the integrator holds the 
calibrated offset level and the calibrated offset level value is 
added to the amplified signal on line 36 corresponding to the 
intensity of the new pixel information signal. 

However, one problem with the black level correction 
circuit of FIG. 4 is that the programmable amplifier 30 may 
saturate under high gain conditions where the filtered signal 
on line 28 has only modest errors, or when the program- 
mable gain amplifier 30 has modest input referred offsets. 
For example, if the camcorder system of FIG. 1 is operated 
on a 3 volt supply, if the analog-to-digital converter 38 has 
a +/-0.5 volt signal dynamic range at its input, and if the 
programmable amplifier has a gain of 50. an offset value of 
10 millivolts will be amplified by the programmable ampli- 
fier 30 and the amplified signal on line 36 will be at 0.5 volts, 
thus saturating the input range of the analog-to-digital 
converter. In addition, another problem with the circuit of 
FIG. 4 is mat the programmable amplifier 30 has a limited 
linear operating range. In particular, the circuit of FIG. 4 is 
a differential system having a zero point which does not 
change with gain of the programmable amplifier, and which 
is at mid-scale of the amplifier's linear operating range. 
Accordingly, only half of the amplifier's linear operating 
range is used 

Accordingly, it is an object of the present invention to 
improve upon the correlated double sampling circuit the 
black level correction circuit, and the input clamping circuit 
of the related art. 

SUMMARY OF THE INVENTION 
According to another aspect of the present invention, a 
black level correction circuit calibrates an offset level to 
reference a signal output from the black level correction 
circuit to one end of a dynamic range for an input signal 
corresponding to a reference pixel The black level correc- 
tion circuit includes a first summing circuit having a first 



4 

input coupled to the input of the black level correction 
circuit and a second input coupled to the offset level, that 
adds the input signal to the offset level and provides at an 
output a first summed signal. In addition, the black level 

5 correction circuit includes a programmable gain amplifier 
having an input coupled to the output of the first summing 
circuit that amplifies the first summed signal and that 
provides at an output an amplified signal. Further, the black 
level correction circuit includes a second summing circuit 

10 having a first input coupled to the output of the program- 
mable amplifier and a second input coupled to a reference 
signal, that sums the amplified signal and the reference 
signal and provides at an output a second summed signal. 
Still further, the black level correction circuit includes an 

15 integrator having an input coupled to the output of the 
second summing circuit that integrates the second summed 
signal and that provides the offset level at an output coupled 
to the second input of the first summing circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Other objects and features of the present invention will 
become apparent from the following detailed description 
when taken in connection with the following drawings. It is 
to be understood that the drawings are for the purpose of 
illustration only and are not intended as a definition of the 
25 limits of the invention. 

The foregoing and other objects and advantages will be 
more fully appreciated from the following drawing in which: 
FIG. 1 illustrates a block diagram of a CCD interface as 
^ is known in the related art; 

FIG. 3 is a block diagram of an input clamping circuit of 
the CCD interface of FIG. 1; 

FIG. 2 is a block diagram of an embodiment of a 
correlated double sampling circuit of the camcorder system 
35 of FIG. 1; 

FIG. 4 is a block diagram of an embodiment of a black 
level correction circuit of the camcorder system of FIG. 1; 

FIG. 5 is a block diagram of an embodiment of a sampling 
cell of a correlated double sampling circuit according to an 
40 embodiment of the present invention; 

FIG. 6 is a block diagram of an embodiment of a 
correlated double sampling circuit according to the present 
invention; 

FIG. 7 is a dining diagram of the correlated doubling 
45 sampling circuit of FIG. 6; 

FIG. 8 illustrates an alternative embodiment of the cor- 
related double sampling circuit according to the present 
invention; 

FIG. 9 is a schematic diagram of the sampling cell of FIG. 
50 6, according to the present invention; 

FIG. 10 is a block diagram of an embodiment of a black 
level correction circuit according to the present invention; 
FIG. 11 is a block diagram of an alternative embodiment 
55 of the black level correction circuit according to the present 
invention; 

FIG. 12 is a block diagram of another alternative embodi- 
ment of the black level correction circuit according to the 
present invention; and 

go FIG. 13 is a block diagram of an input clamping circuit 
according to an embodiment of the present invention; 

FIG. 14 is a schematic diagram of an embodiment of the 
input clamping circuit of FIG. 13. according to an embodi- 
ment of the invention; 

65 FIG. 15 is a block diagram of an charge coupled device 
interface according to an embodiment of the present inven- 
tion; 
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HO. 16 is a block diagram of an alternative embodiment signal Q1B. and second sample-and-hold circuit 102 

of the CCD interface, according to the preseot invention. samples the data level of the analog signal on line 24 at 

falling edge 110 of clock signal Q2B. The difference signal 

DETAILED DESCRIPTION OF THE of the two samples is taken by difference clement 1*1 and 

INVENTION 5 output on line 93. The difference signal on line 93 is also 

. ... . - .,„„ valid for at least half of the pixel period of the analog signal 

FIG. 5 » a block dwgnun of an embedment of a sampling ^ res ^ ye o ^ ts „ ^ „ Qf ^ of 

all 70 of a correkted double-sampling circuit according to UudU is valid for at least half of the 

the present invention. The samphng ceU 70 mcludes a first ^"^od rf ^ ^ ^ ^ output of ^ utmi 

sample-and-hold^ ^nal^line 112 is validfol the at least toe pixel period of 

and-hold circuit 74. The first sample-and-hold circuit 72 is ~* . „ ^ r 

responsive to the clock signal Ql and the second sample- ^ nJL. «. alternative embodiment of the cor- 

and-hdd circuit 74 is responsive to the dock signal Q2. The g 

firs, s^ie-a^-hoUlc.iaut 73 L?^ 1 "^^" toe difference c^rfon and the swishing operation are 

line 24 at the faUing edge 76 of ite ■ dock signal paroTular. the circuit of FIG. 8 indudes two 

«Kr«ponding | to die reset level of the signal output by the ^ ^ ^ , ^j^, 

CCD ctfcuit 22 to addition, toe second Jam^d-hold S^*e^UDe24a«dlhedgiial5i? 112. ^contrast 

circuit 74 samples the analog signal on Une ^correspond- tfjdreuii of FIG. 8 indudes two single-pole, 

mg to the data level of toe pad signal output from the , CCD ^^o* switches 114 and 116 disposed at correspVnd- 

arcuit. at the falling edge 78 of toe dock A fa m 

tUffereace of the samples is then determined at the different 20 ^ ^ m fa ^ ^ 

element 80. output 113 of sample-and-hold circuit 96 and a second pole 
One problem with the sampling cell 70 is that the output n5 of singje.poie, double-throw switch 114 is coupled to an 
valid time period for which the difference signal is valid is u7 of sample-and-hold circuit 98. In addition a first 
relatively short In particular, the difference signal on line 82 M pole U9 of angie-pole. double-throw switch 116 is coupled 
is valid from the falling edge 78 of the clock signal Q2 to a t0 ^ ou(J>ut 121 0 f sample-and-hold circuit 100. and a 
rising edge 79 of the clock signal Ql. after which the sec ondpole 123 of single-pole, double-throw switch 116 is 
sample-and-hold circuit 72 is again in acquisition mode for coupled to an output 125 of sample-and-hold circuit 102. 
a next sample of the reset level of the analog signal on line poles ug ^ m of s ingi e -pole, double-throw switches 114 
24. Since the first sample corresponding to the reset level ^ afld n6 m ^uplcd to differencing circuit 127. 
and the second sample corresponding to the data level of the As was 4^^^ above witft respect to FIG. 7, the 
analog signal output from the CCD circuit 22 are typically sample-and-hold circuit 96 of the sampling cell 84 samples 
a half dock cycle apart the period for which the different we reset lcvel of me ana i og s i gna i on line 24 at the falling 
signal on line 82 is valid is: edge 104 of the signal Q1A. The sample-and-hold circuit 
_ „ T m 35 100 samples the data level of the analog signal on line 24 at 
Tvai^Q^*)- * the falling edge 106 of the clock signal Q2A. In addition, the 
FIG 6 is a block diagram of an embodiment of the sample-and-hold circuit 98 samples the reset level of the 
correlated double sampling circuit according to the present analog signal on line 24 at the falling edge 108 of clock 
invention. The circuit of FIG. 6 includes two sampling cells signal Q1B, and the sample-and-hold circuit 102 samples 
84 and 86 disposed in a ping-pong configuration, in parallel 40 the data level of the analog signal 00 line 24 at die falling 
between the input line 24 and a single-pole, double-throw edge 110 of clock signal Q2B. The single-pole, double- 
switch 88, In particular, an output line 90 of the first throw switch 114 switches between output line 113 and 
sampling cell 84 is coupled to a first throw 92 of the output line 117 of respective sample-and-hold circuits 96 
single-pole, double-throw switch, and an output line 93 of and 98 according to the logical and of clock signals 
the second sampling cell 86 is coupled to a throw 94 of the 43 Q1B*Q2B and Q1A*Q2A. The single-pole, double-throw 
single-pole, double-throw switch. switch 116 switches between outputs 121 and 125 of respec- 
Ref erring to the timing diagram of FIG. 7. an advantage tive sample-and-hold circuits 100 and 102 awarding to the 
of the circuit of FIG. 6 is that the output valid period time logical and of clock signals Q1B*Q2B and Q1A*Q2A. A 
for which the difference signal on line 112 is valid is at least difference of the signals on lines 129 and 131 is taken by 
the pixel period. In particular, the single-pole, double-throw 50 difference element 127 and output on line 112 as the 
switch 88 switches between the difference signal on line 90 difference signal output from the correlated double sampling 
which is valid for at least a first half of the period of the pixel circuit A net result of the operation of the circuit of FIG. 8 
information signal on line 24. and the difference signal on is as described above with respect to FIG. 6. 
line 93 which is valid for at least a second half of the pixel One advantage of the basic sampling cell 70 of FIG. 5 is 
period of the pixel information signal on line 24. More 55 that a circuit implementation of this sampling cell is rela- 
specifically. a first sample-and-hold circuit 96 of sampling tively simple. For example, referring to FIG. 9. there is 
cell 84 samples the reset level of the analog signal on line 24 disclosed a schematic diagram of an embodiment of the 
at the falling edge 104 of signal Q1A, and second sample- sampling ceil 70 of FIG, 6. The circuit is implemented with 
and-hold circuit 98 samples the signal on line 24 at a falling a minimum of two FET devices 122 and 124 and two 
edge 106 of clock signal Q2A. The difference signal of the 60 capacitors 126 and 128. In particular, referring to the timing 
two samples is taken by difference element 97 and output on diagram of FIG. 9. the first sample of the reset level of the 
line 90. The difference signal on line 90 is valid for at least signal on line 24 is taken when the switches 190 and 192 are 
half of the pixel period of the analog signal on line 24 while opened in response to the clock signai o>P. As the switches 
the second sampling cell 86 goes into acquisition mode. 190 and 192 are opened, the voltage on the capacitor 126 is 
During the acquisition mode of me second sampling cell 86. 65 sampled by the FET 122. Thereafter, the second sample 
first sample-and-hold circuit 100 samples the reset level of corresponding to the pixel information of the signal on line 
the analog signal on line 24 at falling edge 108 of clock 24 occurs when the switches 194 and 196 are opened. The 
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voltage on the capacitor 128 is then sampled by the FET programmable amplifier is drawing current and its desire to 

device 124. After obtaining the first sample and the second prevent discharge of the current from capacitors 126 and 

sample, switches 198, 200. 202 and 204 are then closed in 128. 

response to the clock signal <t>S and the first and second Another advantage of the sampling cell circuit of FIG. 9 
samples are output on lines 130 and 132. Although the 5 is that the simplicity of the circuit lends itself to good 
timing diagram of FIG. 9 discloses the switches 190 and 192 decoupling of the analog signal on the input line 24. In 
responsive to the clock signal <I>P and the switches 194 and addition, the simplicity of the circuit allows for offset 
196 responsive to the clock signal Q)D. it is to be appreciated correction of die differential signal on lines 130 and 132 to 
that in a preferred embodiment of the invention, the switches compensate for various system offsets, for example, within 
192 and 194 are opened prior to the switches 190 and 196 10 the camcorder system of FIG. 1. Further, the simplicity of 
to reference the second terminals of the capacitors 126 and the circuit allows for common mode adjustment of the 
128 to ground prior to the opening of the switches 190 and differential signal provided on lines 130 and 132. 
196. The differential signal on lines 130 and 132 corre- FIG. 10 illustrates a block diagram of an embodiment of 
sponds to the output signals on lines 73 and 75 of the a black level correction circuit 77 according to the present 
sample-and-hold circuits 72 and 74 of the sampling cell 70 15 invention. As discussed above with respect to FIG. 4, the 
of FIG. 6. In an examplary embodiment of the invention, the analog signal output by the CCD device 22 on line 24 is 
difference element 80 of FIG. 5 is accomplished with the processed by the correlated double sampling circuit 71. and 
programmable amplifier 30 of the black level correction the difference signal on line 28 is output to the program- 
circuit (see FIG. 4). wherein the programmable amplifier 30 mable amplifier 30. The difference signal is then amplified 
rejects any common-mode between the signals on lines 130 20 by programmable gain amplifier 30 and output as an ampli- 
and 132. However, it is to be appreciated that any differential fled signal on line 36. An offset value on line 56 is added to 
transconductance which rejects a common mode of a dif- the amplified signal on line 36 by summing block 58. One 
ferential input signal can be used and is intended. Thus, the problem with the black level correction circuit of FIG. 4 is 
sampling cell 70 of FIG. 5 can be implemented with a that the programmable amplifier 30 has a limited linear 
minimum of two FET devices 122 and 124. and two 25 operating range. Accordingly, it is desirable to set the black 
capacitors 126 and 128. It is also to be appreciated that the pixel level reference level to one end of the total linear 
sampling cell of FIG. 8 can be implemented in semicon- operating range of the programmable amplifier to make full 
ductor technology, for example CMOS technology, wherein use of the programmable amplifier's limited linear range, 
switches 190. 192. 194, 196. 198. 200. 202 and 204 can also Thus, with the black level correction circuit of the present 
be implemented using FET devices and that such imple- 30 invention (FIG. 10), the offset value is added to the differ- 
mentation is intended. One advantage of the circuit of FIG. ence signal on line 28 before the programmable amplifier 30. 
9 is that no internal driving circuitry need be used to drive As discussed above, the offset level is calibrated so as to 
capacitors 126 and 128, and thus the capacitors can be servo the resulting signal on line 60 to one end of the input 
driven by an external source. An advantage is mat the dynamic range of the analog-to-digital converter 38. In 
capacitors 126 and 128 can be relatively large and therefore 35 particular, when black pixels are provided by the CCD 
the signals on lines 130 and 132 will contain less noise. device 22 on line 24, the switch 62 is closed to provide a 
The circuit of FIG. 9 also includes an input reference pin closed feedback loop including summing block 64 and 
134 which can, for example, be connected to ground and integrator 66. so that the signal on line 60 is fed back to the 
which provides a reference level for decoupling of the summing block 58 as the offset value on line 56. The 
analog signal on line 24. In addition, the circuit of FIG. 9 40 feedback loop compares the signal on line 60 to the negative 
also provides a differential offset adjustment of the differ- reference value on line 68 and servos the offset level so that 
ential signal on lines 130 and 132. For example, a voltage the signal on line 60 is set to the negative reference value, 
difference between signals on lines 136 and 138 will be In addition, when the switch 62 is opened in response to a 
added to the differential signal that is sampled from capaci- pixel information signal present on line 24, integrator 64 
tors 126 and 128 and output on lines 130 and 132. Thus, the 45 holds the calibrated offset level value and adds it to the 
offset pins 136 and 138 can be used to compensate for corresponding difference signal on line 28. 
differential offsets of the differential signals on lines 130 and The circuit of FIG. 10 has two advantages over the circuit 
132 In an examplary embodiment of the present invention. of the related art A first advantage is that the circuit of FIG. 
the offset pins 136 and 138 are coupled to a feedback loop 10 is that the black level correction circuit can tolerate large 
of the black level correction circuit as will be described in 50 errors in the signal from the correlated double sampling 
more detail below. Still further, the circuit of FIG. 9 provides circuit of input referred offsets or the programmable gain 
a common mode adjustment of the differential signal pro- amplifier, under high gain conditions, without saturating the 
vided on lines 130 and 132. The offset pins 136. 138 and the amplifier and the analog-to-digital converter. In addition, a 
input reference pin 134 can be used to adjust the common second advantage of the circuit of FIG. 10 is that the limited 
mode of the signals sampled on capacitors 126 and 128. In 55 linear range of the programmable amplifier 30 is optimally 
particular, if the signals on offset pins 136 and 138 are used. In particular, by setting the reference level of the 
different than the voltage on the input reference pin 134. the integrator to one end of the input dynamic range of the 
common mode of the signal on lines 130 and 132 will be analog-to-digital converter 38. the full linear range of the 
different than the common mode of the analog signal on line programmable amplifier is used. In an examplary embodi- 
24. Still further, the circuit of FIG. 9 includes additional 60 ment of the circuit of FIG. 10. the circuit is operated from 
FETs 206 and 208 which in an examplary embodiment of the a 3 volt supply, the programmable amplifier is set to have a 
invention can be added to respective FETs 122 and 124 to gain of 50, and the analog-to-digital converter has an input 
provide corresponding unity gain buffers 210 and 212. In dynamic range of -0.5 volts to 40.5 volts. Therefore, the 
particular, FET 122 in combination with FET 206 forms a negative reference level 68 is set to -0.5 volts to make full 
source follower having a unity gain and FET 124 in com- 65 use of the input dynamic range of the analog-to-digital 
bination with FET 208 is also a source follower. The unity converter 38 and the linear operating range of the amplifier 
gain buffers 210 and 212 can be used when, for example, the 30. 
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One disadvantage of the circuit of FIG. 10 is that the offset double sampling circuit 26 is output on lines 130 and 132 as 
correction loop dynamics vary with gain of the program- a differential signal to the programmable gain amplifier 30, 
mable amplifier 30. For example, the offset level required to The input clamping circuit 208 includes a resistive dividing 
reference the black level to one end of the operating range circuit 210 including resistors 212 and 214 that are re spec- 
varies with gain of the amplifier. Accordingly, there is 5 tively coupled to lines 130 and 132. In addition, the input 
disclosed in FIG. 11 an alternative embodiment of the black clamping circuit includes switching element 216 including 
level correction circuit 7T according to the present inven- switches 218 and 220 which are both responsive to a clamp 
tion. In the circuit of FIG. 11 an additional programmable control signal 221. When the clamp control signal is high, 
amplifier 140 is added to the feedback loop after the inte- switches 218 and 220 are dosed and the resistive divider 210 
grater 60. The slope of the gain of the programmable 10 and switching circuit 216 combine to take an average of the 
amplifier 140 varies inversely with the slope of the gain of differential signal on lines 130 and 132 and to provide the 
the programmable amplifier 30 thereby keeping the total common mode at line 223. The common mode signal on line 
loop gain constant Thus, an advantage of the circuit of FIG. 223 is input to a differential amplifier 222 and is compared 
11 is that the dynamics of the black level correction circuit to a bias voltage on line 225. In particular, the differential 
for example, stability, noise performance, and acquisition 15 amplifier 222 forces the output of the amplifier on line 227 
time are independent of the gain of the circuit Another which is fed back to the input of the correlated double 
advantage of the circuit of FIG. 11 is that the added amplifier sampling circuit on line 24 to the bias voltage. Thus, the 

140 in the feedback loop also reduces the requirements on input clamping circuit is used to clamp the voltage of the 
the integrator 60. In particular, when an appropriate offset is signal on line 24 to a desired voltage which is set by the bias 
added at line 141 after the integrator 60 before the program- 20 voltage on line 225. 

mable amplifier 140, an output of the integrator 60 on line An advantage of the input clamping circuit 208 is that the 

141 becomes zero and the offset required to niaxirnize the input clamping circuit operates independently of the black 
programmable amplifier's range is generated automatically level correction circuit 77 and thus does not interfere with 
by the feedback programmable amplifier 140 with only the black level correction circuit 77. An additional advan- 
minor corrections being provided by the integrator 60. Thus. 25 tage of the input clamping circuit 208 is that only one 
the circuit of FIG. 11 is preferably used for an offset referred differential amplifier 222 need be used. In contrast, the input 
to an output of the programmable amplifier 30 because the clamping circuit of FIG. 3 requires a minimum of two 
integrator 60 does not have to change states. Still another differential amplifiers. Still another advantage of the input 
advantage of the circuit of FIG. 11 is that the correct offset clamping circuit 208 is that the bias voltage on line 225 can 
value to accomplish optimal use of the limited linear range 3d be selected so that the common mode output on lines 130 
is generated by the integrator 60 independent of the pro- and 132 is in the center of the programmable gain amplifiers 
grammable amplifiers gain. limited linear range. Thus, the bias value can be selected to 

Referring now to FIG. 12. there is disclosed still an make optimal use of the amplifiers limited linear operating 

alternative embodiment 77" of the black level correction range. 

circuit according to the present invention. In the circuit of as FIG. 15 illustrates a block diagram of a charge coupled 

FIG. 12. the added programmable amplifier 140 is disposed device interface according to an embodiment of the present 

before the integrator 60 in the feedback loop. According to invention. The charge coupled device interface uses the 

the configuration of the circuit of FIG. 12, the integrator 60 correlated double sampling circuit 77 of FIG. 6 and the black 

is suited for a constant input referred offset to the program- level correction circuit 71 of FIG. 10. However, since there 

mable amplifier 30. Thus, the circuit of FIG. 12 is preferably 40 are two CDS blocks 84 and 86 disposed in the ping-pong 

used for an input referred offset of the programmable fashion in the correlated double sampling circuit of FIG. 6, 

amplifier 30. the black level correction circuit also has two offset correc- 

FIG. 13 illustrates a block diagram of an input clamping tion loops operating in the ping-pong fashion. In particular, 

circuit according to an embodiment of the present invention. summing elements 142 and 144 at the corresponding outputs 

As was discussed above with respect to FIG. 3, the input 45 of correlated double-sampling circuits 84 and 86, add a 

clamping circuit clamps a voltage output by the CCD circuit respective offset level on lines 158 and 160 to the difference 

to a desired voltage value within the supply range and the signals on lines 162 and 164 before the programmable 

operating range of the correlated doubling sampling circuit amplifier 30. A switch 166 is disposed between the summing 

26. One problem with the circuit of FIG. 3 is that the circuits 142, 144 and the programmable amplifier 30. A 

feedback circuits 182 and 184 interfere with the feedback 50 throw 143 of the single-pole, double-throw switch 166 is 

circuits of the black level correction circuit 77. In particular, coupled to line 145 at the output of summing circuit 142. A 

one feedback loop can effect the other feedback loop such throw 147 of the single-pole, double-throw switch 166 is 

mat neither feedback loop ever settles to the correct point coupled to line 149 at the output of summing circuit 144. 

desired. Accordingly, the common mode feedback circuit The pole 153 of the single-pole, double-throw switch 166 is 

206 of FIG. 13 is provided independent of the feedback loop 55 coupled to line 151 at the input of programmable gain 

of the black level correction circuit 77. More specifically, the amplifier 30. Single-pole, double-throw switch 166 is 

common mode feedback circuit 206 is a circuit which takes switched between summing elements 142 and 144 to cover 

a common mode of the differential signal on lines 130 and an entire pixel period of the analog signal on line 24 output 

132 output from the correlated double sampling circuit 26 from the CCD circuit 22. as was discussed above with 

and servos the common mode back to the input of the 60 respect to the switch 88 of the circuit of FIG. 6. 

correlated double sampling circuit on line 24. Thus the input In addition, the circuit of FIG. 15 includes two respective 

clamping circuit 208 does not interfere with the black level black level correction feedback loops including respective 

correction circuit 77. summing elements 146. 148 and respective integrators 150, 

Referring now to FIG. 14. there is disclosed a schematic 152 which feed back the signal on line 60, at an output of 
diagram of an embodiment of the input clamping circuit of 65 sample-and-hold circuit 161, to the respective summing 

FIG. 13. according to the present invention. As discussed elements 142, 144 so as to calibrate the offset value on lines 

above, the difference signal output from the correlated 158, 160 to yield the signal on line 60 at the negative 
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reference value when the black level pixels are output by (he 
CCD circuit and when the switch 62 is closed. Alternatively, 
when the switch 62 is opened, the integrators 150 and 152 
hold the calibrated offset levels which are added to the 
signals on lines 162 and 164 corresponding to the intensity 
of the pixel level signal output by the CCD circuit 22. It is 
to be appreciated that the feedback loops corresponding to 
the black level correction circuits can also be modified as 
discussed above with respect to FIG. 11. For example, as is 
shown in FIG. 15. the respective feedback loops may also 
include added programmable amplifiers 154 and 156 which 
in the examplary embodiment of FIG. 15 are disposed after 
integrators 150 and 152. Alternatively, the programmable 
amplifiers 154 and 156 can be disposed before the integra- 
tors 150 and 152 as was discussed above with respect to FIG. 
12. 

An advantage of the circuit of FIG. 15 is that the black 
level loop corrects input offsets to the programmable ampli- 
fier 30 by sampling the output of the programmable ampli- 
fier 30 and adjusting the input offset to the amplifier 30 
appropriately. 

FIG. 16 illustrates an alternative embodiment of the 
charge couple device interface according to the present 
invention. In particular, the input clamping circuit 208 
discussed above with respect to FIGS. 13-14 has been added 
to the CCD interface circuit to clamp the voltage as was 23 
discussed above. The clamp circuit 208 takes an average 
value of the differential signal on line 151. which is a 



input coupled to a reference signal, that suras the output 
signal and the reference signal and that provides at an 
output a second summed signal; 
an integrator having an input coupled to the output of the 
second summing circuit, that integrates the second 
summed signal and mat provides the offset level at an 
output mat is coupled to the second input of the first 
summing circuit; and 
wherein the offset level added to the input image signal 
biases the first summed signal to one end of the first 
programmable amplifier's operating range so as to 
make full use of the first programmable amplifier's 
total operating range. 

2. The black level correction circuit of claim 1. further 
l5 comprising a switch disposed between the output of the 

programmable amplifier and the first input of the second 
summing circuit, the switch coupling the output signal to the 
first input of the second surnrning circuit in response to the 
input image signal corresponding to a reference pixel 
20 present at the input to the black level correction circuit and 
the switch decoupling the output signal from the first input 
of the second summing circuit in response to the input image 
signal at the input to the black level correction circuit 
corresponding to an intensity level of a pixel. 

3. The black level correction circuit of claim 1, further 
comprising a second programmable amplifier having an 
input coupled to the output of the second summing circuit 
and an output coupled to the input of the integrator, the 
second programmable amplifier having a gain that is an 



multiplexed output of the ping-pong correlated double sam- 
pling structure 71 and which coven an entire pixel period, 

and servos the average value to a bias value at the multi- inverse of a gain of the first programmable amplifier so as to 

plexed input 24 of correlated double sampling structure 71. provide a closed loop constant gain. 

Otherwise, the operation of the circuit of FIG. 16 is the same 4. The black level correction circuit of claim 1. further 

as that of FIG. 15. comprising a second programmable amplifier having an 

In the preferred embodiment of the circuit of FIG. 15, the input coupled to the output of the integrator and an output 
circuit is implemented in a 0.6 micron DPDM process to 35 coupled to the second input of the first summing circuit, the 

yield a chip die 33 by 3.4 mm 3 in size. In addition, the chip second programmable amplifier having a gain that is an 

is configured to operate on a supply voltage from 3.0 to 33 inverse of a gain of the first programmable amplifier so as to 

volts and operates on a total power consumption of 190 provide a closed loop constant gain, 

milliwatts. In addition, the chip operates at sample rate of 5. The black level correction circuit of claim 1. wherein 
18MSPS. However, it is to be appreciated that the circuit can ^ the offset level added to the input image signal also biases 



be implemented in many different processes on many dif- 
ferent media and such modification is intended. 

Having thus described one (several) particular 
embodiment(s) of the invention, various alterations, 
modifications, and improvements will readily occur to those 45 
skilled in the art Such alterations, modifications, and 
improvements are intended to be part of this disclosure, and 
are intended to be within the spirit and scope of the inven- 
tion. Accordingly, the foregoing description is by way of 
example only and is limited only as defined in the following ^ 
claims and the equivalents thereto. 

What is claimed is: 

1. A black level correction circuit that provides an offset 
level to an input image signal, the black level correction 
circuit comprising: 55 
a first summing circuit having a first input coupled to an 
input of the black level correction circuit that receives 
the input image signal and a second input coupled to the 
offset level, that adds the offset level to the input image 
signal and that provides at an output a first summed 60 
signal; 

a first programmable amplifier having an input coupled to 
the output of the first summing circuit, mat amplifies 
the first summed signal and that provides at an output 
an output signal; 65 

a second summing circuit having a first input coupled to 
the output of the programmable amplifier and a second 



the output signal to one end of a input dynamic range of an 
analog-to-digital converter, coupled to the output of the first 
programmable amplifier, to make full use of the analog-to- 
digital converter's input dynamic range. 
6. An image acquisition system, comprising: 
a charge coupled device (CCD) sensor that detects and 
outputs an analog signal at an output of the CCD 
sensor; 

a CCD interface circuit, having an input coupled to the 
output of the CCD sensor, the CCD interface circuit 
including: 

a correlated double- sampling circuit having an input 
coupled to the input of the CCD interface circuit that 
removes any noise or offsets common to at least a 
first sample and a second sample of the analog signal 
and mat outputs a filtered signal at an output of the 
correlated double-sampling circuit; 

a black level correction circuit having a first input 
coupled to the output of the correlated double sam- 
pling circuit and a second input coupled to an offset 
level signal, that adds the offset level signal to the 
filtered signal and that provides an output signal at an 
output of the black level correction circuit the black 
level correction circuit comprising: 
a first summing circuit having a first input coupled to 
the input of the black level correction circuit that 
receives the filtered signal and a second input 
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coupled to the offset level signai that adds (he 
offset level signal to the filtered signal and that 
provides a first summed signal to an output of the 
first summing circuit; 
a first programmable amplifier having an input 5 
coupled to the output of the first summing circuit, 
that amplifies the first summed signal and that 
provides at an output the output signal; 
a second summing circuit having a first input 
coupled to the output of the programmable ampli- l0 
fier and a second input coupled to a reference 
signal, that sums the output signal and the refer- 
ence signal and that provides at an output a second 
summed signal; 
an integrator having an input coupled to the output of xi 
the second summing circuit, that integrates the 
second summed signal and that provides the offset 
level signal at an output that is coupled to the 
second input of the first summing circuit; and 
wherein the offset level added to the filtered signal biases 20 
the first summed signal to one end of the first program- 
mable amplifier's operating range to make full use of 
the first programmable amplifier* s operating range. 

7. The image acquisition system of claim 6. further 
comprising an analog-to- digital converter having an input 25 
coupled to the output of the black level correction circuit 
that converts the output signai to a digital signal and that 
outputs the digital signal at an output of the analog-to-digital 
converter; and 

wherein the offset level added to the filtered signal also 30 
biases the output signal to one end of the analog-to- 
digital converter's input dynamic range to make full 
use of the analog-to-digital converter's input dynamic 
range. 

8. The image acquisition system of claim 6, further 35 
comprising a switch disposed between the output of the 
programmable amplifier and the first input of the second 
summing circuit, the switch coupling the output signal to the 
first input of the second summing circuit in response to the 
filtered signal corresponding to a reference pixel present at 40 
the input to the black level correction circuit and the switch 
decoupling the output signal from the first input of the 
second summing circuit in response to the input signal at the 
input to the black level correction circuit corresponding to 
an image signal, 45 

9. The image acquisition system of claim 6, further 
comprising a second programmable amplifier having an 
Input coupled to the output of the second summing circuit 
and an output coupled to the input of the integrator, the 
second programmable amplifier having a gain that is an so 
inverse of a gain of the first programmable amplifier so as to 
provide a closed loop constant gain. 

10. The image acquisition system of claim 6. further 
comprising a second programmable amplifier having an 
input coupled to the output of the integrator and an output 55 
coupled to the second input of the first summing circuit the 
second programmable amplifier having a gain that is an 
inverse of a gain of the first programmable amplifier so as to 
provide a closed loop constant gain. 

11. An integrated circuit comprising: 60 
a first correlated double sampling circuit having a first 

input and a first output, the first correlated double 
sampling circuit taking a first sample of an analog 
signal at the first input, taking a second sample of the 
analog signal at the first input and taking a difference 65 
between the first sample and the second sample to 
provide a first filtered signai at the first output; 
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a second correlated double sampling circuit having a 
second input coupled to the first input and a second 
output the second correlated double sampling circuit 
taking a third sample of the analog signal at the first 
input and a fourth sample of the analog signal at the 
first input and taking a difference between the third 
sample and the fourth sample to provide a second 
filtered signal at the second output; 
a first summing circuit having a first input coupled to the 
first output and a second input coupled to a first offset 
level that sums the first filtered signal and the first offset 
level and provides at an output a first summed signal; 
a second surnming circuit having a first input coupled to 
the second output and a second Input coupled to a 
second offset level (hat sums the second filtered signal 
with the second offset level and provides at an output 
a second summed signal; 
a first switching circuit having a first input coupled to the 
output of the first surnming circuit a second input 
coupled to the output of the second summing circuit, 
that alternately provides a differential first selected 
signal as one of the first summed signal and the second 
summed signal to an output of the first switching 
circuit; 

. a first programmable amplifier having an input coupled to 
the output of the first switching circuit that amplifies 
the differential first selected signal and provides an 
output signal at an output of the first programmable 
amplifier, 

a second switching circuit having an input coupled to the 
output of the first programmable amplifier, that alter- 
nately provides the output signal as a second selected 
signal to one of a first output and a second output of the 
second switching circuit; 
a third surnming circuit having a first input coupled to the 
first output of the second switching circuit and a second 
input coupled to a reference signal, that sums the 
second selected signal with the reference signal and 
that provides a third summed signal at an output of the 
third summing circuit; 
a fourth summing circuit having a first input coupled to 
the second output of the second switching circuit and a 
second input coupled to the reference signal, that sums 
the second selected signal with the reference signal and 
that provides a fourth summed signal at an output of the 
fourth summing circuit; 
a first integration circuit having an input coupled to the 
output of the third summing circuit, that integrates the 
third summed signal and that provides at an output 
coupled to the second input of the first summing circuit 
a first integrated signal as the first offset level; 
a second integration circuit having an input coupled to the 
output of the fourth summing circuit that integrates the 
fourth summed signal and that provides at an output 
coupled to the second input of the second summing 
circuit, a second integrated signal as the second offset 
level. 

12. The integrated circuit of claim 11. further comprising 
a second programmable amplifier having an input coupled to 
the output of the first integration circuit and an output 
coupled to the second input of the first summing circuit, the 
second programmable amplifier having a gain mat is an 
inverse of a gain of the first programmable amplifier so as to 
provide a closed loop constant gain. 

13. The integrated circuit of claim 12. further comprising 
a third programmable amplifier having an input coupled to 
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the output of the second integration circuit and an output 
coupled to the second input of the second summing circuit 
the third programmable amplifier having a gain that is an 
inverse of a gain of the first programmable amplifier so as to 
provide a closed loop constant gain. 

14. The integrated circuit of claim 11, further comprising 
a second programmable amplifier having an input coupled to 
the output of the third summing circuit and an output 
coupled to the input of the first integration circuit, the second 
programmable amplifier having a gain that is an inverse of 
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a gain of the first programmable amplifier so as to provide 
a closed loop constant gain. 

IS. The integrated circuit of claim 14. further comprising 
a third programmable amplifier having an input coupled to 
the output of the fourth summing circuit and an output 
coupled to the input of the second integration circuit the 
third programmable amplifier having a gain that is an 
inverse of the gain of the first programmable amplifier so as 
to provide a closed loop constant gain. 

* * 4 * * 
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